Abstract Bali cattle is a domestic cattle breed that can be found in Malaysia. It is a domestic cattle that was purely derived from a domestication event in Banteng (Bos javanicus) around 3,500 BC in Indonesia. This research was conducted to portray the phylogenetic relationships of the Bali cattle with other cattle species in Malaysia based on maternal and paternal lineage. We analyzed the cytochrome c oxidase I (COI) mitochondrial gene and SRY of Y chromosome obtained from five species of the Bos genus (B. javanicus, Bos gaurus, Bos indicus, Bos taurus, and Bos grunniens). The water buffalo (Bubalus bubalis) was used as an outgroup. The phylogenetic relationships were observed by employing several algorithms: NeighborJoining (PAUP version 4.0), Maximum parsimony (PAUP version 4.0) and Bayesian inference (MrBayes 3.1). Results from the maternal data showed that the Bali cattle formed a monophyletic clade, and together with the B. gaurus clade formed a wild cattle clade. Results were supported by high bootstrap and posterior probability values together with genetic distance data. For the paternal lineage, the sequence variation is low (with parsimony informative characters: 2/660) resulting an unresolved Neighbor-Joining tree. However, Bali cattle and other domestic cattle appear in two monophyletic clades distinct from yak, gaur and selembu. This study expresses the potential of the COI gene in portraying the phylogenetic relationships between several Bos species which is important for conservation efforts especially in decision making since cattle is highly bred and hybrid breeds are often formed. Genetic conservation for this high quality beef cattle breed is important by maintaining its genetic characters to prevent extinction or even decreased the genetic quality.
Introduction
Classified under the Bos genus, cattle are divided into four species which are Bos gaurus (gaur), Bos javanicus (Banteng), Bos indicus (Zebu cattle) and Bos taurus (Taurine cattle) [1] . According to Porter [2] , there is a population of about 1.3 billion cattle globally and there are more than a thousand breeds of cattle worldwide. Among these cattle, both gaur and Banteng are wild cattle. For domestic cattle breeds there are two groups, the Zebu and the Taurine cattle [3] [4] [5] . Taurine cattle are humpless while Zebu cattle are humped and they are believed to have originated from aurochs, Bos primigenius through a domestication event that occurred 8,000-10,000 years before present (B.P.) [4, 6] . Domestic cattle are presently among the most developed livestock achieved through domestication and artificial selection [7] . Understanding the systematic relationships of cattle would allow the sketching of the history, origin and distribution of cattle breeds that may help in the development of more rational breeding and conservation programs [3] . In recent years, much research has been conducted to portray the systematic relationships of cattle based on molecular approaches. For instance, the analysis of mitochondrial DNA (mtDNA) has established a maternal origin of Zebu and Taurine breeds throughout the world [3, 8, 9] . In our research, we conducted assays based on molecular approaches in constructing phylogenetic relationships of Bali cattle and other cattle that are available in Malaysia.
Bali cattle is a domestic cattle that was domesticated from Banteng around 3,500 years BC [9, 10] . This ancestral information is also supported by morphological data with significant similarities between Bali cattle and Banteng as well as their morphological distinction from other cattle: the existence of a white rump patch and white stockings [11] . From Indonesia, Bali cattle are widely distributed throughout the Eastern Island of Indonesia to South Sulawesi, East and West Nusa Tenggara. Outside Indonesia, Bali cattle is bred and distributed in South East Asia and in Northern Australia as well as Malaysia [12, 13] .
Bali cattle is different from all other species of cattle as they are able to crossbreed with Zebu cattle and produce viable offspring but infertile male hybrid [9, 13] . Bali cattle carry some characteristics which have made them the cattle breed of choice in many parts of Indonesia. Some of the unique characteristics of Bali cattle are: high conception rate, good meat quality (marked fat deposition sites and limited fat in muscle mass), resistant to most diseases (increased resistance to malignant catarrhal fever and Jembrana disease), ability to stop lactating and survive a bad dry season, better heat tolerance than buffalo and other cattle, lower water turnover than B. taurus and many more [14] .
In systematic studies, mtDNA and Y chromosome have been extensively used to amplify many genes of interest [15] [16] [17] [18] [19] [20] . Thus this study was conducted using molecular data from mtDNA and Y chromosome to infer the status of Bali cattle bred in Malaysia in the phylogenetics of cattle. Genetic evidence from previous studies showed that Bali cattle is grouped together with Banteng in maternal lineage [9, 21] . However, there have been several reports on the introgression of other species in the Bali cattle genome. Karyotyping studies by Kirby [22] showed that the Y malesex chromosome of Bali cattle is apparently identical to that of B. taurus. Nijman et al. [21] reported that there are evidences of maternal Zebu introgression in Bali cattle from Malaysia. To further confirm the maternal relationship of this domestic species, phylogenetic analyses of mtDNA cytochrome c oxidase I (COI) and SRY gene were conducted. The COI gene has been proposed to serve as the core of a global bioidentification system for animals [23, 24] . According to Tobe et al. [16] , the two most commonly used genetic loci in species identification are COI and Cyt b. Previous studies on the COI gene showed that it provided a high resolution among recently diverged, closely related species due to the following desirable properties of mitochondrial DNA for resolving the gene tree in phylogenetic analysis: (1) adequately rapid nucleotide substitution rates that mark points of common ancestry without obliterating accrued synapomorphies; (2) similar substitution rates across lineages; and (3) unchanging bias in nucleotide composition across lineages [25] . The second locus, the SRY gene, has been used extensively for sex determination, phylogenetic analyses, introgressive hybridization, genetic diversity analyses and understanding the origin and evolution of humans [26] . Previous study showed this gene of interest has a low genetic diversity at the intraspecies level and relatively high on interspecies level [27] . Thus, the study of this gene can be used to examine the relationship between studied species based on paternal lineages.
To date, several molecular studies have been conducted on Bali cattle; (1) Mohamad et al. [9] revealed the systematic relationships of Bali cattle using mitochondrial, Y-chromosomal and microsatellite DNA (2) Kikkawa et al.
[12] examined genetic diversity of domestic cattle including Bali cattle using the restriction enzyme analysis on mtDNA Cyt b gene and (3) the phylogenetic of Bali cattle using mtDNA [3, 5] . Thus, our research is pertinent to confirm previous studies of systematic relationships of Bali cattle with Malaysian wild and domestic cattle, through maternal and paternal lineages by using the mtDNA COI gene and SRY gene. SRY gene amplification (660 bp) was performed using foward primer (5 0 -AAA CAG TGC AGT CGT ATG CTT CTG C-3 0 ) and reverse primer (5 0 -GCC TTT GTT AGC GAG AGT AAG GAA G-3 0 ) [20] . PCR was carried out using the phusion flash (finzyme) in 20 ll mastermix. The mixture containing 7 ll of phusion flash, 10 ll ddH 2 0, 1 ll each of 10 pmol/ll primer and 1 ll of genomic DNA. PCR condition are as follows: 10 s at 98°C, followed by 30 cycles of 98°C for 1 s, 51°C for 5 s and 72°C for 15 s and ended with final extension at 72°C for 1 min before cooling down to 10°C for 5 min.
Materials and methods

Genetic samples
Purifications were performed on PCR products with prominent band using Vivantis G-F1 PCR Clean-up Kit and were sent directly to the sequencing service company (First Base Sdn. Bhd.).
Phylogenetic analysis
The DNA chromatograms for sequenced samples were checked visually using a BioEdit sequence alignment editor. All sequences were aligned and edited using ClustalW multiple alignment algorithm to achieve multiple sequence alignment in Mega 4.0 [28] . To obtain comparative data for genetic variation of studied cattle, the COI and SRY sequence of a water buffalo obtained from GenBank was used as an outgroup. Domestic cattle control sequences of B. indicus and B. taurus from GenBank were aligned together with all COI sequences studied. Five sequences of domestic yak were also imported from GenBank to be aligned with our samples (four sequences for COI and one for SRY). The details of the GenBank samples can be seen in Table 2 .
A total of 34(COI)/18(SRY) aligned sequences were exported in mega (.meg) and nexus (.nex) format for further use in MEGA 4.1 and PAUP 4.0 respectively. To compute an unrooted Neighbor-Joining (NJ) tree, Kimura 2-parameter method with unequal rates of evolution of transition and transversion, bootstrap analysis and genetic distance values were used and performed using MEGA 4.0 sofware [29] . The statistical confidence of each node of NJ was estimated by 1,000 random bootstrap re-samplings. Exported nexus files were then analyzed in PAUP 4.0 to construct Maximum parsimony (MP). Using a heuristic search, 1,000 replications of a tree were generated by stepwise addition with random-addition sequences. The best tree was selected using the branch-swapping method and the most extensive rearrangement strategy, the tree bisection and reconnection (TBR) with 1,000 replicates of bootstrap analysis [5] . For Mr. Bayes, Modeltest 3.7 was used to select the best model from 56 models to fit with the data set [5] . The confidence level of tree nodes was indicated by posterior probabilities where they represented the true probabilities of the clade [30] . All trees were rooted using water buffalo as an outgroup taxon.
Results
Cytochrome C oxidase I
Twenty-seven samples of partial COI sequences of 680 base pairs were successfully amplified and sequenced. All sequences were aligned with seven other sequences obtained from GenBank as an outgroup and as a control for domestic and wild cattle.
Sequence polymorphism
Of the 6,80, 502 bp were used to carry out the phylogenetic analysis. Of the 502 bp, 91 sites were variables with 35 singleton sites (parsimony-uninformative) and 56 sites contained potentially parsimony-informative characters (11 %) ( Table 3) . Information based on the variable sites showed that nucleotide frequencies are 0.27 (A), 0.275 (T/U), 0.292 (C), and 0.163 (G). The transition/transversion rate ratios are k1 = 0.406 (purines) and k2 = 17.693 (pyrimidines) and overall transition/transversion bias is R = 5.262 [31] .
Neighbor-joining
An NJ phylogenetic tree was constructed based on the Kimura 2-parameter model with 1,000 bootstrap replications (random seed) and all codon positions (Fig. 1) . Bubalus bubalis was used as an outgroup. The NJ tree generated formed three main clades (A, B and C 
Maximum parsimony
Maximum parsimony phylogenetic tree analysis with a heuristic search and 1,000 bootstrap replications produced a rooted monophyly phylogenetic tree topology. MP was characterized by a consistency index (CI) of 0.824, homoplasy index (HI) of 0.1,754 and retention index (RI) of 0.9,548 that resulted in 114 steps to construct the rooted MP dendogram (Fig. 2) . In general, the monophyletic topology of MP phylogenetic trees produced the same pattern as an NJ phylogenetic tree. In addition, all taxa were also grouped into three distinct clades (A, B and C). The distinction of Clade A with sturdy 100 % bootstrap support formed two domestic cattle breed subclades (B. taurus and B. indicus) with 83 and 93 % bootstrap 
Bayesian analysis
Based on Modeltest 3.7 analysis (HKY ? G) was chosen as the Maximum Likelihood best-fit model. For the Bayesian analyses using MrBayes [32] , the same substitution model was used with 2 simultaneous Monte Carlo Markov chains that were run for 9,00,000 generations or until the probability of split frequencies (p) fell below 0.01. A tree was sampled every 100 generations, and a consensus topology was calculated for 6,750 trees by omitting the first 2,250 trees (as burn-in). Posterior probabilities of C98 % were considered significant [33] . The number of substitutions (nst) is set to 2 (nst = 2) for this model which means it allows transitions and transversions to have potentially different rates with the negative log likelihood (-lnL) set to 1, 193 .09. Results from a Bayesian analysis showed a little change in the Bos grunniens branch compared to the NJ and MP trees (Fig. 3) . The branch for B. grunniens is merged with both domestic cattle and wild cattle clades. Despite that, all taxa are still grouped in the same branch as in the NJ and MP trees. The bayesian posterior probability (BPP) values for each branch shared relatively high values of 1.00 except for the wild cattle clade with BPP below 0.95. 
Genetic distance
An examination of the pairwise genetic distances within the six species was carried out based on Kimura's two-parameter in PAUP [34] . species. However, both domestic groups have a shorter distance from each other with a genetic distance value of 0.99 %. Distinct distance between all cattle species with the two outgroups can be clearly seen in Table 4 .
SRY gene
A total of 18 SRY gene sequences (660 bp) were obtained from the samples. The reduced number of samples as compared to mtDNA COI gene is because the SRY gene can only be amplified from male individuals. Sequence results were analyzed together with that of water buffalo (B. bubalis JQ889809.1) and domestic yak (B. grunniens AB077320.1) using mega 4.0 for (a) sequence polymorphism (b) genetic distance and (c) phylogenetic analysis (Neighbor-Joining). Sequence polymorphism analysis showed that the nucleotide variation of SRY gene is 23/660 while the parsimony informative characters are 2/660 (0.01 %). The genetic distance analysis of the sequences showed no significant values due to the low sequence variation (data not showed). Next, we analyzed the sequences using NJ distance method. NJ result showed that the Malayan gaur was grouped together with its hybrid selembu as a basal lineage of the tree (Fig. 4) . The single sample of domestic yak branched outside the gaur and selembu clade. Two recent diverged monophyletic clades of domestic cattle (Taurine, Zebu and selembu) and Bali cattle were observed. These groupings were not supported by high bootstrap values (with \50 % bootstrap supports for each clade) except for moderate value of Bali cattle (65 %) and domestic cattle (63 %) clades. MP analysis was performed but no significant embranchment result obtained (MP tree was not shown) due to minimal parsimony informative character in the aligned sequences.
Discussion
Cytochrome C oxidase I This study focused on the COI gene because it appears to be among the most conservative protein-coding genes in the mitochondrial genome of animals [35, 36] . According to Kandil et al. [37] COI is the most conserved gene compared to other COX genes (COII and COIII) and has been extensively used as an effective locus in evolutionary and phylogenetics studies. In this research, 91 sites out of 502 are variable sites that represent 18.13 % of the mutation sites. Among the 91 variable sites, 56 sites are parsimony-informative sites which comprise 11.16 % of the full studied length. Interrogation of the diversity of the COI gene showed that the gene is suitable for studies at the species level [23, 38] . According to Hebert et al. [23] , the COI gene has a good rate of mutation and can be used as a marker to be studied at the molecular level especially for barcoding purposes.
Tree topologies from three phylogenetic analyses suggest that Bali cattle formed its own distinct clade, together with the gaur as a sister clade in the wild cattle clade. Previous findings based on other mtDNA genes support the close relationship between Bali cattle and Banteng [5, 9, 10] . However, we were not able to obtain a COI sequence from Banteng to complete the tree topology. It is generally thought that Bali cattle are directly domesticated from Banteng [9, 10] . Therefore, the maternal inheritance of mtDNA from Banteng appears in the mitochondrial genome of Bali cattle [5] . Hence, the grouping of Bali cattle with gaur in the same clade (wild cattle clade) is not an anomaly as it is reflective of its wild Banteng ancestors. However, this clustering of Bali cattle and gaur in the same clade was not supported by a high bootstrap value (\70 %) and posterior probability value. This split can also be seen in its morphological aspects. Significant differences exist between Bali cattle and domestic cattle (Zebu and Taurine) and the gaur [13] . Bali cattle have high morphological similarity with Banteng Rosli et al. [5] thus supporting its clustering in the wild cattle clade. These topologies were strongly supported by significant values of COI genetic distance. Based on the generated genetic distances, the gaur is the closest descendant while the genetic distance values are higher for domestic Zebu and the domestic Taurine. These values support the separation between Bali cattle and the other two domestic cattle as reported by [5] .
From a higher view, cattle are clustered into two major clades, which are the wild and domestic clades as shown in all tree topologies. In the domestic clade, there exists vivid separation between the Zebu and Taurine species. Similar results were obtained by other researchers [38] [39] [40] [41] . According to previous reports by Beja-pereira et al. [42] , Kikkawa et al. [43] , Stock et al. [44] and Troy et al. [45] , both species were domesticated from the same ancestor which is the Aurochs (B. primigenius). These findings further support the grouping of both major domestic species in a major domestic clade of cattle phylogenetics [5] .
Outside the cattle group, there is slight confusion regarding yak deposition in tree topologies. The Bayesian tree showed that the yak in Clade C was deposited together with Bali cattle and the gaur forming a politomy clade rather than being deposited outside the cattle major clade (NJ and MP). The politomy clade formed was not fully resolved with robust bootstrap and BPP. Based on previous reports, yak has been grouped in wild cattle clade (Bali, Banteng and Gaur) as an independent species [5, 43] . At a higher lineage level, Hasssnin and Ropiquet [46] and Verkaar et al. [39] reported that the deposition of yak in a clade was associated with the subclade of American bison in wild cattle major clade together with Banteng and gaur. However, another finding by Mac Eachern et al. [7] reported that yak had formed its own monophyletic clade leading to the B. taurus lineage instead of cattle from Indochina (Gaur/Mithan/ Banteng). Conversely, our results show a contradicting view of systematic deposition of yak in which; (a) yak formed an independent monophyletic clade that diverged from the cattle clade (NJ and MP) or (b) yak formed an independent sister clade to both wild and domestic cattle subclades. These results may have been caused by the lack of samples to complete the topologies [5] .
SRY gene Y-chromosome comprises of several regions such as DBY, ZFY and SRY genes. In our study, the coding sequence of SRY gene (660 bp) were amplified from the full length of 2,768 bp, positioned from 1,041 to 1,700. Analyzed result from 18 samples showed that the variation was lower than 0.01 % with only two parsimony informative characters at position 1,392 and 1,681 of the complete SRY gene. The low variation of Y-chromosome compared to mtDNA was commonly obtained by previous studies [26, 47] . Phylogenetically, the Y-chromosome produced a tree with low resolution supports. The Bali cattle and domestic cattle formed their own monophyletic clades in a major clade. Bali cattle was previously grouped in wild cattle clade according to maternal inheritance. This showed that there exists a domestic paternal inheritance in the sequences. However, the result was not supported by a high bootstrap value. Nijman et al. [21] also found an introgression of domestic Zebu cattle in Bali cattle sample from Malaysia using mtDNA. The Malayan gaur and selembu were grouped together in a basal clade. This might be due to the paternal inheritance of the Malayan gaur in selembu Y-chromosome, historically. According to Abdullah et al. [48] , the hybrid cattle was accidentally formed when a lost male Malayan gaur entered a dairy farm owned by Malaysia Veterinary Services at Kluang, Johor. The bull mated with a female Heifer which delivered the first selembu in Malaysia on April 1983. The historical record and paternal inheritance theory caused the selembu samples in this study to be excluded from the domestic cattle clade (included in domestic cattle clade by mtDNA).
NJ tree of Y-chromosome was poorly resolved in this study as the amplified SRY region was not significant at intra-species level [49, 50] . However, at the interspecies level, the coding region gave a better view especially for the Bali cattle and domestic cattle monophyletic clade [51, 52] . The low mutational rate might be due to positive selection by which a new advantageous allele dominates in a population while deleterious mutations are removed [26] . Positive selection by sperm competition might also contributed to the low variation in SRY gene [52] . In addition, the rates of mutation in nuclear genes are lower compared to mtDNA [5] . The low SRY sequence diversity was also obtained in the study of white-toothed shrew and Yarkand hare [26] .
Conclusion
This study expressed the potential of mtDNA COI and SRY genes in portraying the relationship between several Bos species. In the cattle group, the COI gene is a reliable and authentic tool to study the relationships of cattle. However, bovine phylogenetic relationships can be explained further from different perspectives using a variety of genetic techniques and other methods. For future research, we suggest using longer sequence of SRY gene together with other Y-chromosome gene as well as other nuclear DNA genes for better tree resolution and bi-parental views. In addition, more samples and species are needed, especially from Banteng and other bovine species to solve the uncertainty of bovine phylogenetic relationships. The genetic variation of Bali cattle in Malaysia is important for conservation efforts especially in decision making since cattle is highly bred and hybrid breeds are often formed. Genetic conservation for this high quality beef cattle breed is important by maintaining its genetic characters to prevent extinction or even decreased the genetic quality.
